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At least one drawing originally fil d was informal and th print reproduced here is taken fr m a later filed formal copy. 
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MODULAR IMAGING APPARATUS 

»««or«tii«! having a modular structure. In 
The invention relates to imaging apparatus havmg a . . 

«««ih«comorising a plurality of unagmg 
particular the invention relates to imagmg apparatus compnsmg P 

'""tl^e invention finds application to imaging apparatus for large area imaging 
The mvennon »- „,wicularlv suitable for high energy 

taapng aevK^s and ^ P-^^^ 

. • ^-^^ a I* radiation having energies in excess oi i . 
radiation unagmg (.e. «dxat.on g ^^^^ ^^^^ 

Traditional arrangements for X-ray imaguig, 

' oh^mhers scintillating crystals or screens, (e.g. Sodium 
modalities such as wire chambers, scmtiuat g y (Computed 
iodide Nal), BGO (Bismuth Germanium Oxide) and CR plates 
r> A- „«,«hv^ have been utilized over the past forty years. 

.^d«««rsmdsemicon4ucK)t pixel dcBctors. 

on ASIC CMOS »cbno>o«, 

iirfividual monolithic d««<ors have been, teretore, proposed. ™ > 

,onna.ion of a large conU^ous in«.ing area wid.ou, ^ ^^-^^^ 
one n«drod of elUninating such inactive regions in *e f». unage has 

, .■™. However this method does not recover lost 
UK use of software interpolation. However, ous 

mfomiaiion but only provides an approximation. 

^ methL for combining monolithic detectors in large imagmg areas 

wiUiout the presence of inactive regions have ^ ^ 

m the AppUc^ifs international patent apphcanon WO 95/33332 
, ^ve a tiling Approach is proposed where ir^vidual detectors are saggered on a 
' in a llr that one third Of the total desired area is imaged m a smgle 



Th«. diff«e« exposures, a. different positioiB of the mos«c. «e 
exposure. Three ddftient exp ^ 

quired. Tbisn^chiscosteSte-nt asnr^-^*^ Nevertheless, this 
.erectors ^ -Hows for r.pUce.«« "f ^^^^ ^ ^ ^„ 
solution requires a .noving device. '^'^ '^ ^ ^ 
5 positions. A total of three snapdiots are taken u. order to pro. 

continuous coverage. ^ ™ A^21 869. an approach to the joining of 

European patent ^^^^^^^ ,Ld to a stepped support 
l^ividua. in^ge detectors u descr.*«d. J ^ . 

,0 .i-ctor on the next .o»er st^^ A^»^ 

continuous hnaging. it pn>'>*s»"8'""'""'^ . ^ .pp^ 

^ Furthemwre. as individual detectors axe rrgrdly glued on th 

defective con,ponen. replacement is not address^. 

15 application EP-A-5T74S7. Thisappr P ^ 

several individual detector suhstra.es ^''^ ....cent 
to each o«»r hy means ofs^su^ ^ ^ 

detector suhstr^es. The dete«or ^^^^'^ 

~ means Of indium ^T^ls. once again, rigid and does 

20 Uindependentof.heinutgmgarea.AeoveraUs.ru . ^.5,7 487 

.0. auow for simple ind.vi*». 

is silent about possible pract«al drfflcuJoes m faoncani* 

» array of elements rigidly ^'»f*"^J^:n'o5,096 describes an approach 
^Applioanfsx^paten.ppj^-^O^"-;^ U« type described h. 
25 K> *e mounting of m«gmg dev«es. fW e P ^ 

:c : =frs'. _ -.r fastens 

Ltructive removable minting of the '-Sl^S "^'^ ^ 

. J. -J.,-! t?i*»« i«! reouired, which can be a iimc wio e 
30 mousing of the m^v« «^ ^ 

difficult task for large arrays. Aiso, p 



expemiv. suppon planes. „ _ „ ^ „gaidtag the large area 

Accordingly, there temain problems to be solved regar g 

^ging, such as (aciliu-ng tbe accurate relative positionir* of large t»nb^^ 
Z^>L ti.es on the support plane. Also, there is . need for stn«utes ^ 

nf snd coniwctions to electronic 
provide the basis for simplifying the arrangement of and connecu 
..rtponents external to the ttles for enabling readout from the Dies. 

The ptesent invention see., to faciUtate the accurate mounting of «d.v,dual 
dies with respect to one «»ther and to the master suppon plane. 

pj^ and preferred aspects of the invention are set out m the 

.^o^ing independent a^idependemcUims. F«.tu..s from dependent c.am« 

^beclL withth^eof the i-lependentclaims in any appropriate manner and 

not merely in the specific combinations enumerated in the chums. 

J,cc»dancewithone.specto,theinvention.,hereisprovidedapparamsfor 

imaging radiation, said apparatus compristag: 

a plurality of tiles, each tile comprising an imaging device havmg array of 

radiation detector cells; 

3 number of modu.es. each module supporting a ptarality of satd t*s; a,^ 
a module support stnicture. said support structine supporting said mo*-e(^. 
T^, according to the invention, an imaging module can be p,ov«W fbr 
„^ a plurality of imaging devices for forming an imaging array, wherem d« 
Umle is configured to be mountable on a master support strucmre a^ 
conUd to support a. leas, one imaging device tile in a predetermmed loc^ 
0„ a phirauty of modules can then mounted on a common module support 

strucmre, as requir«i for a particular application. ^ ,h.. the tiles 

This enables a modular arrangement of a plurality of nles such that tiK dies 
can ^ readUy arranged with tespcct to ^ anoU.er and whereby tiK modu.es may be 
assemb.ed wid. respect ,« one anoti«r to provide a large area imaging apparao^. The 
i^gmg apparams according to tite invention also provides a basis fbr sm.pl.fymg tite 
conLtion to and arrangemem of circuit components external to the imagmg dev,ces 
^ „i„ be expbined below with .espect «, preferred developments of the mvendon. 



,„ . p^encd «nbodUnc«, m« are on . .KXtale and ^ 

l^<^^ »n»n s»=»«. for example for - 
m moduli provide a pU^li-y of Ule mounting .ocaucns«o« or n»„ 

... rues n», accnra^. n»un«<. wi* re^pec. U« .oaaies and «. 

--tfXrjrj::»^=— 
----"'rortrrrdCr^:::: 

™wn. easy n=placemen. of a comply "KKlute «h«. 
XTTZ;: carrying - ^ ^ 
.pe^ificadon. for different in^ging app^^^ array of 

In one embodiment, an miagmg device lias a iw 

- — -:ioi:rnrr;rrjCL= 

^.^Hsinganarra^cn^f-^j^ and comprises «o or more of 
ale comaos on a tdc. Tlie board is eio s The board has, on ihe 

^ r ::.erab.„ cireni. 

sur^ce. a circui. -7J-j::r^ ^ ^ .v^Uabie ,or U« in^ging 

„1 p.- on a surface of^^ opP^J^ ^^^^ 
' Z :rral ^'-l-S UKa-ons and . seco™, area .r 

:::rr:i:rr.ud.,fore»n...»«^^^^ 

™,,.,er pn-ed -^-^ ^^^^^ ^ , ^^^^ _ ^ 

30 co«ac« » *. ^^'^/^ ^ .„„«s d« uaoring of ^ deui. 

module enhances the modularity oi uk ^vv 
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design to suit particular applications and lectoologies. 

in a preferred arrangemem to enhance the performance of conununicaoons 
between the individual Ules and an exten-al computer, mes within a module are 
electricaUy gro«p«. in clusters. Tttes within a ctaster are pn=f.r.bly re»i out m 

5 series «Ki one or mo« chist«. are also readout in series, thus effectively formmg 
Urger clusters. «^ megaclusters. In a preferred embodiment the megadusters ... 
:«d out in paranel. Advann.g»«sly. some of the clusters can be selectively de- 
.ctiv..«J, so that a megachister can comprise fewer Ules, where it is desued to 
i^rease read ou. sp.«! «k1 smaller areas need to be imaged. In one embodiment. 

,0 u„„«pu.s of the m^lusters of one module are multiplex^, on the module so as 
,0 provide one output per module. Alternatively, or in addition, the outputs from 
different modules can be m«ltiple»d in order to further .educe the ov«all numb«: 

of signals to be digitized. 

in one embodiment, an imaging device tile includes an imaging device and a 

15 mount, an image detecting plane of the imaging device being tU.«i with respect to a 
mounting surface of the mount, the mounUng surface comprising tile electru^ 
contacts interconnectable with corresponding mounting location contacts at a til. 
mounting location on the module. The mounting of U« modules on the support 
sm.««re are arranged such that the modules are tilted u> comp«»ate, at leas. 

20 partiaUy. for an angle b«ween the image detector planes and a plane of an imagmg 

cassette in which the appaianis is mounted. 

A preferred form of imaging device comprises one or mote detecting Uyers 
sensitive to radiation and one or more teadout layers, the detecting layer<s) and the 
readout Uyer(s) being joined .og.U« with an hnage d«ec.ing plane or planes of the 
25 detector lay«(s) substantially parallel to the readout layer(s). Preferably, me 
detecting layer attends beyond U« ««lout layer on at least two edges, a *mher edge 
providing wire com«*ons benveen ti« teadout layer and the mourn. A wedge can 
be provided between the imaging device and UK mount to maintain an angle between 

me image detecting plane of the imaging device and the mounting surftce of the 

30 mount. 

A preferred embodiment of the invention comprises modules which are 
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elongate and the support strucmre supports a one-dimensional array of modules 

aligned next to each other. 

The imaging devices of adjacent modules can be in mechanical contact with 
each other. Alternatively, adjacent modules are alternately displaced in a first 
5 direction and in an opposite direction substantially perpendicular to ^ 

module. . . . ^ -^^^ 

The app»M«s can also todude «. ta»rf«e boari compnsmg mt«6ce 

circuioy. wich tt« modotes elccrtcaUy c<»mec«<i » 4. in»*« boaxd. Tbe 
to^acc circuitry con>prise. cirauia, for -ruldplaxi-g oufl«K ftom rcspecnve 

10 modules. j r- ^ 

The invention also provides an in«ging cassette inctading apparaBB as defined 
.hove, m imaging cassette can include an external conne«or for connectmg the 
taaging cassette to an external processor. The support structure can be integral to 
a housing of the casseo. or can be conuined within the housing of the casset«. 
Where the cassette is .0 replace a convendonal fibn cassette for X-ray i^gmg. the 
cassette comprises a housing having an X-ray transmissive surface. . 

An embodiment of *e invention can enable, for example, the prov«,on of an 
cassene havi.« a total imaging.are. of. say. approximately 100 x 200 mm 
Ja thiCcness of 2.5 cm « less. The cass«.e can be portable and hghtwetgh.^ 
Also def^Uve tUe repUcemen. can be facilitated. Given a pixel o 35 
uucrometres. an imaging casse«e of 100 x 200 mm could comprise about 16 tmUton 
pixels. Pixel digitisation with 10 or 12 bits resotadon can be provided by 16 btts of 
computer memoty per pixel. Fast dau transfer ftom cassette to computer can be 
achieved, for example with a data transfer time of less than 5 seconds. 
„ The invention further p«.vid.s an ima^ system including apparams as 

described above and control electronics ar^or an image processor 
signals output f^ the cassette. The cas««e output can be d.g,azed after 
n^plexing of the signals, for example in an externa, computer. Alternattvely^tt 
can be part of the interface circuitry, for example on the imerface bo«d or on the 
30 module(s). Analog and/or video digitization can be used. ^ ^ _ . 

in accordance with another aspect of the invention, there « provided a module 
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for a« in apparams » descriW above. fl,e module enabling the mourning an array 
of ,il.s, each die comprising an imaging device having an array of radiation detector 
cells and having a plurality of tile contacts on a mounting surfi«e hereof. The 
module comprises: 

a board having, on a first surface thereof, an array of tile mounting locations, 
each mounting location comprising an arrangement of mounting location contacts for 
contacting corresponding tUe contacts on a tUe and means permitting removable 
mounting the tUe at the tfle mounting location; 

circuitty for controlling access to and output of signals from respective tiles 
when mounted at the tile mounting locations; and 

electrical comiections ftom the mounting location contacts to the circuitry; and 

means for mounting the module on a support strucmic for a plurality of such 
modules. 

In accordance with a further aspect of the invention there is provided a method 
of forming an imaging array for imaging radiation comprising: 

mounting a plurality of tiles on an imaging module, each tile comprising an 
imaging device having an array of radiation detector cells; and 

mounting a plurality of the modules on an imaging support, each module 

supporting an array of the tiles. 

In accordance with yet a further aspect of the invention, there is a provided 
a method of manufacmring an imaging device tile, the method comprising: 

supporting an imaging device on a tUe mount at a predefined angle withm a 

mould; . 

filling a volume between imaging device and the tUe mount with filler 

material; and 

removing the imaging device tUe from the mould. 

Exemplary embodiments of the mvention arc described hereinafter, by way of 
example only, with reference to the accompanying drawings, in which: 
Figure 1 is a schematic representation of an imaging system; 
Figure 2 is a schematic partial cross-section of an imaging device; 
Figure 3 is a schematic representation of an image cell circuit; 
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Figure 4 is a schematic representation of a proposal for an imaging tile; 
Figure 5 comprises schematic side, plan and functional diagrams of an 
example of an imaging module according to an embodimem of the invention; 
Figure 6 is a schematic side view illustrating the relative placement of two 
imaging device tiles; 

Figure 7 is a schematic plan view of an imaging cassette; 

Figures 8a and 8b are schematic cross-sectional side views of two 

embodimems of a cassette; 

Figure 9 is another cross-sectkmal sWe view of a cassette: and 

Figure 10 is a schematic external view of a cassette. 

Figure 1 is a schematic repieseiKation of example of imaging system 10 
„ descrihet. in .he Applicanfs totemationa. application WO 95/33332 for radUti<» 
ta^aging of an object" 12 subjected to radiadon 14. The r^iMon may. fbr example, 
be X-ray r«liation and the object 12 may. for example, be a par. of a human body 
The imaging device comprises an imaging array 15 including a. least one Active-pncel 
semiconductor toaging Devices (ASID) 16. Aimough only one ASID 16 is shown 
schem^icaUy in Figure 1. d« imaging array will typicaily inchtde a pluraltty o 
i^ging devices 16. Each imaging device 16 provides a plurality of image, or p«el 
cells 18. Each hnaging device directly detects high energy incident radiation such as 
X-rays. y-r.ys. S-rays or o-rays accumulates at each pixel cel.. by means of a 
™ri„mly accessible. acUve. dynamic image ceO citcuit on or adjacent to a 
corrcspondtog image detec«,r ceU. values representative of the radiation mctdent a. 

that image cell. * 

The imagtag device 16canbe conftgured as a single ,«nicond„«or substnt. 

(e g silicon) with each image, or pixel cell compristag an image detector ceU 19 and 

an aiiive image cell circuit 20. or alternatively on nvo subsuates. one with an array 

of image detector ceUs 19 and one with an array of active image ceU circum 20. the 

substrates being mechanicaUy connected » each other by. for ex^nple. mtcrobumps 

(bump-bonds). , 

Figure 2 U a schematic partial cross-sectional n^resentation of a n«o-substra,e 

imaging device showing ti« com«ction of the substrates. Individual detector cells 19 
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of an image detector substrate 44 are connected to corresponding cell circuits 20 of 
a readout substrate 42 by means of microbumps 46. The cell circuits 20 are 
schematically represented within the substrate 42 by means of the symbol of a FET. 
The detector substrate 44 is provided with a continuous electrode 50 on the 
5 side of the substrate 44 which is exposed to incident radiation. In Figure 2, 
therefore, the incident radiation is assumed to arrive in an upwards direction. On the 
tear surface of the detector substrate 44. a plurality of detector ceU electrodes 54 are 
provided. It is the array of detector ceU electrodes 54 which effectively defines the 
individual image detector cells 19 within the detector substrate 44. A bias voltage is 
10 applied to the continuous electrode 50 and image cell detection zones 52 are defined 
between the continuous electrode 50 and the respective detector ceil electrodes 54. 
Each of the detector cell electrodes is electricaUy and mechanically coupled to a 
respective cell circuit 20 by a respective microbump 46. It wiU be appreciated that 
the representation in Figure 2 is highly schematic, and not to scale. 
15 When a photon is photo-absorbed at a detector ceU 19 creating an electnc 

charge or when a charged radiation ionizes the detection zone 52 of the detector 
substrate 44 at a detector cell 19, an electric pulse flows from the detector substrate 
detection zone 52 to the cell circuit 20 for that image ceU 18. 

A value associated with the electric pulse is then accumulated in an active 
20 circuit element, either directiy as a charge value or as an equivalent voltage or current 
value such that new charge created from subsequent incoming radiation is added 
continuously. Examples of possible accumulating devices are an integrated capacitor 
or the gate of an integrated transistor. The charge accumulation process in a cell 
circuit 20 continues untU control signals are issued from control electronics 24 to start 
25 a process of reading out information by addressing each ceU circuit 20. effectively in 
a random access mamier. During readout of the accumulated charge values, charge 
continues to be accumulated. CeU circuits 20 may selectively be reset after readout 
to discharge the charge accumulation circuit elements, and only then are image cells 
inactive for a very short time with practically no dead time. 
30 Thus, the cell circuits 20 are provided for each image cell 18 to accumulate 

charge created in the detector cell when, for example, a photon or a charged particle 
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of radiation is i«i<l«H «» «« ^ <" ^ 

circuit 20 and a« d«ec«,r ceU 19 can be of *e order of a few .ens of microns m s.ze 

(e g lO-SO/xm). 

A sciunnatic represenodon of an emopl. of a cell circuit is d«icrib«l with 
S reference to Figures 3. TOs ««n.pte of a ceU circutt uses field effect transistors 
(FETs) arranged as a cascode connect»l «npUfier. FET MllA 70. and in particular 
^ gate thereof, fom,s charge accmnulatio. circuitry. FET MUB 72 for™ readout 
circuitry. FET MUC 77 fonns reset ciroritry. VBIAS 60 is a bias voltage input 
across the depletion zone fomdng a detector ceU 19 of the itnage ceU. 
0 cell 19 is .epresen.«l by a diode symbol Dll. In the cell cucutt .tself. SI«>UT 62 
U an »«log signal output and VANA 64 an analog power supply input. RES-R-1 66 
is a resa input and ENA-R-1 68 is an enable ir^t for the cell circmt. 

Charge generated in the detector ceU 19 m response to incident rad«non is 
autom^ically accumuUted to .he gate of a transis»r Mil A 70 when both *e RES-R- 

5 X 66 and ENA-R-l 68 topuu are low. To read d« image cell. ENA-R-1 68 ,s .alten 
« a high s.a«. Which auows curren. » flow from U» transistor Ml 1 A 70 t^ugh 
.ransis^r MUB 72 to SIGOUT 62. The ceU circute is reset by takmg RES-R-1 66 
„ high, whereupon after RES-R-l 66 has been at high for me«.y a few 
,^„^, any accumulated charge wiU have been removed fi^n ^ gate of the 

20 transistor MUA 70. Immedi«ely after RES-R-1 66 goes to a tow level, charge can 
hegto to accumulate at d» g.« of the transistor MUA 70. If no «set pulse . 
supplied to d« reset input RES-R-1 66. d«n it is to be ««d that a readmg opemton 

When .he enable topu. ENA-R-1 68 goes high does no. destroy d. charge but ms^ 
merely causes a curren. flow direc.ly proportional » *e .cc«m«la«d charge. Thrs 
25 allows multiple readmgs widiou. resetting. 

in d« example shown in Figure 3, charge accumulation abdity can be 
..^ximised by arranging that the gate capaciuuKe of a charge accumulation transistor 
MllA 70 fbrms substanti^ly (say grea«r ,han 90% of) U« input node capactunoe 
(total capacitance) of the deKc»r ceU 19, U« charge accumulation circuitry 70, the 
30 readout Circuitry MUA 72 and reset circuitry 77 of Figure 3 and minim.xmg d« 
parasitic or unwan«d capaciunce of all other circuit (and det.«or) components. For 
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a 35Mm by SS^m cell circuit, for example, the MllA 70 capacitance can be 2 pF and 
the FET gate voltage dynamic range can be at least 2 Volts. This corresponds to 
about 25,000,000 electrons in storage capacity. 

Returning to Figure 1. the control electronics 24 includes processing and 
control circuitry, which is comiected to the cell circuits 18 on the semiconductor 
substrate as represented schematically by the two-way arrow 22. The control 
electronics 24 enable the cell circuits 20 associated with individual image cells 18 to 
be addressed (e.g.. scanned) for reading out charge accumulated in the cell circuits 
20 at the individual image ceUs 18. The charge read out is supplied to Analog to 
Digital Converters (ADCs) for digitisation and Data Reduction Processors (DRPs) for 

processing the binary signal. 

The control electronics 24 is further interfaced via a path represented 
schematically by the arrow 26 to an image processor 28. The image processor 28 
includes data storage in which it stores the digital value representative of the charge 
read from each image cell along with the position of the image cell 18 concerned. 
For each image cell 18, each charge value read from the image cell is added to the 
charge value already stored for that image cell so that a charge value is accumulated. 
AS a result, each image can be stored as a representation of a two-dimensional array 
of pixel values which can be stored, for example, in a database. 

The image processor 28 can access the stored image data in the database to 
select a given image (all the array) or a part of the image (a sub-sample of the image 
array). The image processor 28 reads the values stored for the selected image 
positions and causes a representation of the data to be displayed on a display 32 via 
a path represented schematically by the arrow 30. The data can of course be printed 
rather than, or in addition to being displayed and can be subjected to further 
processing operations. For example, background and noise can be subtracted as a 
constant from each pixel charge value. This pedestal and/or background subtraction 
is possible if prior to image taking an "empty" image is acquired. For each pixel a 
background value is deduced and can be subtracted accordingly. 

User input devices 36 connected via paths represented schematically by the 
arrow 34 and possibly interacting with the display 32 as represented schematically by 
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^ double »row 38 can be used to control the operation of fl« Unagtug system. The 
^ input devices 36 can include, for example a Iceyboard. a mouse, «c 

,n the Applicat^-s co-pending UK Paten, application GB 9614620.4. an 
approach is describ«. for providing continMOUs coverage v*Ue, at 0« same t^e. 
Cingtlte option to repuce individual detectors nondestructively. Spectflcally^ 
ZZcb>^.iea.obybridin«gingaevicesco.nprisingasemicond~^ 
r Zp-bon,^ » an ASIC CMOS crystalline sUicon readcau chip 42 as descnbed 
,„ '.he Applicant's Intem«ional pat«« application WO 95/33332 

Fi^ 4 of the accompanying drawings corresponds to Ftg. 3B of GB 
9614620 r Here the imaging device ,6 eomprish* the bump-bomted detector- 
:^drs.rucune44M2describedabovewith.ef^.oPig^l-3ism^^ 

a Printed Ciroai. Board (PCB) mount 81 to ft>rm an imaging de«ce caUed a tOe 90. 
aPrmtedCuc ^ is tUted with respect to *e PCB 81 by means 

TTie detector-readout soucmre wt^ o ■ «f a 

r. wedge 80 or an equiv^ent strucmre. In this manner, an actrve regto. 94 of a 
1) covers 1 inacave region 92 of . subsequent «1. (i.e. the ad^acen.^ 
t T^«^ 92 Of each tile is reserved for wire connections 83 be.w«n the PCB 
«tlrLo«.substrate42. Electrical contact between the master sup^ 82 and 
l^^is achie^d by means through the com«cuon o, conducuve bumps « 
iTL Luctive rh^ . pads S3. The tings 85 are ic^ a. 
^^ons by means Of holes in an insulating layer 86. Below t. -^^^^ 

onductive contacts. "o-^ ""^.T^ T^Hrely 

a screw 88 which p«>jec.» from .be me mount PCB 81 and a mtt 87. Altemattvely 
a screw oo wm ^ j insertion force connectors, clips, 

other removable fastening means such as zero msertion 

««d removable to secure the tUes on the support. 

co-pending UK pasnt applica..on GB 9703323. / pr P 

Jde»c»r substrate 44 extends over the readout »bstrate 42 on all three stdes 

. '^r^n::^lna.lcside(a>.plan<b)a.dfu.«iona.(c,diagramsof 
an exampTe Of an imaging module of an embodiment Of ate mven..on. An 
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embodiment of the invention seeks to provide a module suitable for an imagmg 
cassette for an imaging application v.hich comprises an array of imaging tiles, for 
example as described above with reference to Figures 1^ whUe educing the 
problems of mounting those tUes in the cassette. 

Accordingly, an embodiment of the invention provides a modular construcuon 
whereby a cassette may contain one or more modules, each module supportmg a 
plurality of imaging tiles. In a preferred embodiment of the invention, a module 
resembles a ladder in that one or more rows of tiles are provided on the module. 
Indeed, the module is also known as a ladder. 

Ttos in a preferred embodiment of the invention, an imaging cassette, which 
can be configured as a replacement for a conventional X-ray fihn cassette, comprises 
a collection of one or more modules, each module comprising a collection of one or 
more imaging tUes mounted thereon. In a preferred embodiment, the tiles are 
mounted on the module in a nondestructive removable mam«r by means of 
removable fastenings, for example screws and nuts, and the modules are mounted m 
the cassette in a non-destructive removable mamier. for example, by screws and nuts. 
This facilitates the replacement of tUes and modules in use. for example where a ule 
or module is faulty, and/or to move the tiles or modules between different cassettes 
and/or change the imaging characteristics of tUes and/or modules within a cassette. 

Figures 5a and 5b depict an example implementation of this preferred 
embodiment. The example of a ladder module 100 comprises 24 imaging tUes 90 
mounted on a multilayer printed circuit board 102. The tiles 90 are arranged in a two 
dimensional mosaic of two rows and twelve columns on the upper surface, as seen 
in Figure 5a. of the module board 102. A region 104 of the module 100 is reserved 
on the module board 102 for electronic components 106 such as analog electromcs, 
multiplexers, preamplifiers, analog to digital converters, etc., as required for a 
particular application. Arrangements, for example apermres or openings 110 at the 
extreme ends 108 of the module board 102, are provided for receiving screws or 
other fastenings (not shown in Figure 5) for mounting tiie module 100 on a cassette 
support (not shown in Figure 5). Separate electrical comiections arrangements such 
as cable comiectors 109. edge connectors, ribbon cables, etc. can be provided. 
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Alternatively, the module board 102 could be provided with combiiKd mechanical ai«i 
electrical comiector arrangemems. for example zero insertion force connector(s), 
«her pin and/or socket connector artangemems etc. . which serve to removably locate 
fl,eboarimechanicaU,fflKlp.«videetecaicalcom«tions. An insulating matenal 1 12 

5 layer separates the tiles 90 fkom module board 102. the insulating layer 112 k 
preferably no more than 1 mm duck. Hote 85 (see Kgme d) are provided, for 
example by engraving, h. the insulating tayer 1 12 for locating conductive n*ber pads 
or rings 86 (see Figure 6) or odKr electrically conductive elements, preferably 
resUient conductive elements, by means of which bump-shaped eont»*s 84 (see 

10 Figure 6) on the tUe 90 can be electricaUy (power) and electromcaUy (signals) 
competed to contacts and conductive paa« on and in a» module board 102. Where 
conductive mbber pads 86 are used, the rubber thiclmess is pref^ly le» than under 

0^5 mm. „ 

Analog electronic con^nents 113, such as switches, capacitors, coils etc. are 
,5 prefi»ably placed on ti« lower smface. as shown in Figure 5a. of the module board^ 
Tbese components serve, for ex^nple. in reducing or eliminating noise associate, 
wi* the DC voltage of die tile electtonic components. 

•n» choice of two rows of tiles 90 on a module 100 in the presem embodmient 
is preferred as it provides ..leas.o«efieeedgefbre«=htile90.thus facilitating tUe 
20 replacement at the s-ne time, providing enough sp»:e « U» region 104 for 
niounting U« electromc components 106. It should, however, be noted Uut a number 
of rows of tnes 90 oU«r than two could be used in od« embodmiems. 

In this embodimeM. the tiles 90 are arranged electricaUy and electromcaUy 
grouped in casters ,14 such d«t individual tiles within each duster are «ad out m 
25 series only. The individual clusters 114 can be grouped together to form so-«aled 
^.Clusters 1.6 so that aU tiles in a megach»ter arc effectively readout s«ial.y. 
separate meg«:lus.ers are then readout in p^lel. The conductive paths ftom the ale 
loeationcontacts to the electronic circuitry are formedby conductive tracks on l.y«s 
in die multilayer circuit board 102. Com«ctions between layers are prov«ied by 
30 plated tiuough holes in accordat^e with conventional multilayer circun board 
Lhnology. sensitive signals are .U<x=ated a separate layer widnn U« circuit board 
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and can be shielded by shielding layers. 

In the example implementation of Figure 5c. each cluster 114 comprises three 
tiles and there are a total of eight such clusters. Specifically, tiles 171, 172, 173 are 
cascaded in cluster 201, tiles 174. 175, 176 are cascaded in cluster 202, tiles 177, 
178. 179 are cascaded in cluster 203. tiles 180. 181. 182 are cascaded in cluster 204. 
tiles 183. 184. 185 are cascaded in cluster 205, tiles 186, 187, 188 are cascaded in 
cluster 206, tiles 189, 190, 191 are cascaded in cluster 207 and tiles 192, 193. 194 

are cascaded in cluster 208. 

Clusters 201 to 208 are then paired to form four megaclusters 116 of six tiles 
each, the six tiles within a megacluster being read in series and the four megaclusters 
in parallel. SpecificaUy, clusters 201. 202 form one megacluster 210. clusters 203, 
204 form another megacluster 212. clusters 205. 206 form another megacluster 214 
and clusters 207, 208 form another megacluster 216. 

In another example implementation, the clusters 201 , 204, 205 and 208 are 
deactivated and only clusters 202, 203, 206 and 207 are active. The imaging area 
can tiius be reduced to increase readout speed by effectively reading only three tiles 
in series. The choice between large or small imagmg areas, is implemented 
electronically by means of switches in the electronic circuitry 106 and does not 
require any dismounting of tiie imaging tiles 90. 
20 In a specific implemenution of the module 100 of Figure 5. the tiles 90 

provide an imaging area of. approximately. 18.13 x 9.85 mm. The pixel pitch, 
excluding some edge pixels is 35 micrometers. THere are 256 rows and 512 columns 
of pixels, hence a total of 131,072 pixels per tile. The detector substrate extends 
beyond die edges of tiie readout substrate chip except for side near region 92 of tile 
(see Figures 4 and 6). Hence, tiie detector layers can be brought into physical and 
mechanical contact along tiie upper and lower edges of tiie module 100 as seen in 
Figure 5b. In otiier words, die edges 120 of tiie detector substrates of adjacem tiles 
on a module 100 and adjacent tiles of a cassette, when modules are arranged side by 
side (see Figure 7) in a cassette, can be in physical (mechanical) contact (see Figure 
30 8a). 

The extent by which tiie detector substrate 44 extends beyond die readout 
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subam. 42 on edges except edg* 92 is determined by U.e precision wi* which the 
dettctor »iges «e themselves defined. Thus, the detector substrate edges are 
prefi^bly defined to a high precision, for example 200 micrometre ptecUion. In this 
Le the de.»^ substrate extends beyond the .e«iout substrate by at least ttas 
amomn. More prefenbly. the precision should be 100 micrometres and the detector 
substrate ext«Kis beyond the readout substrate edges by at leas, this ^riount. Even 
„ore preferably, the precision should be 50 micrometres ^ the deteoor substrate 
extet^ beycrf the semiconduc»r subarate edges by a. least «us «nount. Even more 
p^bly. the precision should be 10 micrometres and the detector substrate »t»ds 
Lond the semiconductor substrate edges by at least this amount. D«e«or pohshrng 
can be employed to this end. I. should be unders«»d here that the r.fer««s «> 
s^^ctor substrate edges relate to at least the two edges adjacent to the regron 
92 a«l possibly to the edge at the opposite end of the imaging device 16 to the reg-on 

ta.,„,her embodiment, a thin insulating film, for example a mylar fihn.U 
puced between adjacent detector surges in direct contact (i.e. at 120 in Figure 5b,. 
Preferably, this fihn has a thklmess of 10 micrometers or less. More preferably, the 
rum thickness is 5 micrometres or less. Yet more preferably, the fihn thiOeness ts 

1 micrometre or less. ^ „ 

to an altemativ. embodiment, the modules lOO can be posmoned m an 
al^mating up and down conflgmation (see Figure gb) with one modute being offset 
Native t! each o, the or each immediately adjacem module along the dr«cuon 
perpendicular to the module plane by ^ amount slightly larger than U« detecmr 
Xess. in this mat^r. the detector .bs.r«es 44 do n« ««. to be m phys^ 
contact with one another, but rad«r they lie siighUy under or over each other, m 
overlap of the detector substrates 44needstobenomorethan.f^ mrcrometres. 
™, Jy less than 300 micrometres overlap. As the detector substrate thickness can 
^icaUy be about 1 mm. the additional thickness ret^ired for the cassette ts 

"'^rmaltilealigmnemisexp.aU.edwith«..rence,0Figure6. The d«ector 
substr^e 44 a.«J readout substrate 42 are bonded together via microbumps as 
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described with reference to Figure 2. The resulting imaging device 16 is then 
accurately mounted on the tile mount PCB 81 with a screw 88 arranged in a hole m 
the tile PCB and the end of the screw projecting downwards. The mountmg is 
achieved by means of a jig and/or mould. Preferably, a two piece aluminum mould, 
machined with mechanical accuracy of 50 micrometers is used. The mould is closed 
and the volume 80 between imaging device 16 and the tile momit 81 is then fUled 
with epoxy resin. Regions of the mould are covered with silicon rubber to protect 
deteaor-CMOS top surface and PCB bottom surface from epoxy leaks. The angle 
subtended by the planes of imaging device 16 and tile mount 81, in otiier words the 
angle of insertion of wedge 80, should be as small as possible in order to mmimise 
parallax error. Nevertiieless. if this angle is made too small, the readout substrate 
42 in die region 94 wiU be too close to the region 92 of a subsequent tile provokmg 
electrical instability. In the present example implementation, the angle of insertion 
is 5 degrees. The use of a jig and mould enables this angle to be determined with a 
high precision. Preferably this precision should be better than 1 degree. More 
preferably, tins precision should be better than 0.5 degrees. Even more preferably, 
this precision should be better than 0.1 degrees. However, differences in the angles 
between tiles can be corrected for in die software caUbration of the imaging devices. 

The aligmnem between the imaging devices 16 and the tile mount 81 along the 
direction perpendicular to the paper of Figures 5a and 6 is ensured by the use of the 
jic and mould. It is required that the tile mount be completely covered by die 
detector in die direction perpendicular to die plane of Figures 5a and 6. In otiier 
woids. die detector edges 120 extend beyond underlying tile mount edges. In dus 
direction, i.e. die direction perpendicular to die edges 120 of Fig. 5b, die tile moum 
PCB is narrower dian die detector substrate 44 by approximately 150 microns. 
Accordingly, precise location of die detector edges widi respect to die edge pixels is 
important. 

Figure 6 also shows die momiting of die tile PCB 81 on die module support 
102 by means of screws 88 and nuts 87 and electrical and electronic comiections by 
means of bump-shaped contacts 84 on die tile PCB and conductive circular pads 86, 
located in holes 85 in die insulating layer 112. on die module support 102. 
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AsmenUoDcdabove. toU^prefe^dembodimcmof *e tovcntion. *e module 
sobstra^ 102 is a ^altilaycr PCB capable of r««u« sisals and power to *e »^ 
pr«n.p.e.*e«n.b«ofU,«sca„besi,ar»o«. PCB U,o« dcs.^ P-v^s 
^ placeLn. of noi« fU»ri»g capaci«»s a. various poi»s of 0. module PCB^ 
oL^plaues a« also provided Co pro^c. uoise se^itive si^. Pr.f«ab„. eac. 
noise sensitive signal should have its own layer. 

1, the preferred etnbodiment of the invention. nK^ are mounted on a 
^ strucnL to fom. a large rigid assembly, or cassette 330. fomung a ^ 
XHging are, 16 as represented in Figure 7. Examples of casse«e stru«ures 

are shovwi in Figures 8a. 8b. 9 and 10. ... ^ a„ 

Pref^rd- modules axe placed in parallel and in mechamca. contac^. ^ 
^r^pletlation of this embodiment of the invention is dep^ m 
Csa ^ this example, six modules 301, 302. 303. 30.. 305. 306 are placed m 

7 ana ea. ■» ^ l^^ge magmg 

p3^1 ani in mechanical contact along their long edges, to t 

sn*ce 15 of approximate area 217.6 x 115.6 mm. . . „ 

I ^ Imative embodlme«. the modules 100 can be pos.uoned n, ^ 
alternating up ^ down configuration, as represented in Figure 8b, wid, one module 
rT^rJ relative ,0 d« or each immediately .djac«« module along d„ d„ecuon 
being offset relative to m detector 

K «,-an«: nf scfcws 107 passing through the apertures luo m 
lriCvidedatoneorbo.hendso,,hemodu.board. Wh«J«^ 

^ 0 J end of d« l^a.-. an Inter-engaging stn^mre on the -o^^ 
320fbrthe^e..oftheboard^.^v^---J^^ 

, lILule support m order, for example, to dU dK module to conect para,l« 
' :iras descnJ^low. For example, ^ijustable mechanical supports can be 
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provided to «lj»st tl« mechamcal position and to correct detector angle fron. 5 to 2. 5 
degrees and «> adjust all of the modules in a cas«t.e at the satne time at one e«l. or 
a. both ends of the module array. Preferably, the aperu«s 108 in the modules are 
elon-ate as shown in Figure 7 to fecUitat. «ijusm«n. of .he modules and also to 
facuLe installation and removal of the modules. Thus, for example, to inaaU a 
module in the middle of the module array, the fixing screws for the surroondtag 
nxxiules can be loosened and moved away from the position of the new module which 
can ten be mourned, and the screws tightened. Subsetpently, the surrounding 
modules an be moved back towards the newly instaUed module and ttK screws 
dghtened. Similarly, «. remove a centrally located module, the sctews for moummg 
a„ surrounding module, can be loosened and moved away from the module to be 
removed. 

It wai be appreciated, that although the present embodiment is descnbed as 
using screws for providing mechanical mounting of the modules, alternative 
mechanical arrangements such as cUps. bayonet fittings and so on could be used. As 
a further alternative, combined electrical and mechanical arrangements such as zero 
insertion force connectors, plugs and sockets, could be used. 

In the preferred embodiment of the invention, separate electrical comiections 
are achieved by means of ribbon cables HI which connect to cable connectors 109 
provided on the module board 102. The ribbon cable comiectors allow the electncal 
connection of the module 100 to an interface board 309. 

In the preferred embodiment of the invention, an interface board 309. 
comprising power supplies, module system control electronics and a computer 
interface (optionally also with digital to analog converters) is placed near to one of 
the edges of the multi-module assembly 330. In this mamier, an increase m die 
thickness of die cassette is avoided. The interface board forms part of or is contained 

with the imaging cassette. 

External connections from die cassette to. for example, an external computer, 
are provided by means of a conventional external comiector (for example a parallel 
connector) 354. which can be competed via a cable 356 to a computer. As the 
external comiection via die cable 356 to a computer can be relatively long, die 
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bo«d 309 c». i^lude convcndo... amplitoU™ circuity for — sion 
signals ftom d« imerface board .o a« oo,npu»r and for recepUon of signals 

■^X^ 10 is a sohcnutic ««ma. view of an taagtag casse«. 330. *c casset» 
con^-risi-g .„ e«cmal ho»su« 350. wid, «. x-ray »mmissive upper surface 352. 
; Ze 10 auo Shows d« e«em.. ««nec»r 354. wU. be *a. e>«er^. 
l^Lor is provide. o» o»e of d« cass«» Which, in use. will be Visible . U« 
i^ion slot 372 of X-ray apparau^ 370. Thus, as shown in Hgu« 10. d» »«gmg 
e,^^ 330 is in^nded u, repuc a con«ntiona. X-ray fflm cass«» for us. u, 
renUcna, X-ray e<^ip»en.. Typically, d« csse«e ^ "^Z'^T 
20-30 nun and an e«en>al surface of, for example. 180 x 240 nun (eg. fbr 

mammography) or 400 x 400 mm (eg. for chest x-rays). 

Cll error d.e .o a« Ulting of U>e de-ecting sur.^ w«h respea » .he 

^ casse^ ptanes can be reduced, by .ilUng *e modules wi*in *e c^ 
^soas»c«n^« for *e angle berweenplane Of d.d«ec.ors„bs^«^ .^ 

L of *e Ul. moun. PCB 81. This Ulting in the example shown m F,gure 7 « 
^..en. u, an e.eva««, of ^ left end of a« module of Fig«e a. By way o 
only, for a «^ module lengd. of 300 miUimeues. a module ulrmg of 2.5 
wol raise module left Side by 13 millim«res. weU wiUnn an ove«^ 
coLain. Of 25 mm ««1 casseoe *ic^. An X-ray angle of mc.dence o 2^ 
amoums » a parallax error of 33 microme«rs for ^ dnCcness of 750 

. . , h™ for a cassene depends on the pbcel readout/switthing 
The total readout ome for a cassenc ucp» 
„.e and .he number o, dies on the cassette. ,n d» pr^ "*odm^ 

::::on. d.e ou.pu. f„r a megach^ derived by '^-^-^^^^^ 
ci^,ryl06ind«regionofd«moduleidendfi«l..l04mF.gu..5b. TT«ove.^ 

Z-^ is increased by a factor e,ua, to *e number of -^^ J' ^ 
IxLte implementation described wiU. refe«nce «, Figure 5c. *e« are four 
According.,.forapUe,readout/swi,chingra.eof5MHz.d«mo*^ 

r«e is 20 MH.. Wi* 144 Hies in Ute fuU cassene of Figure 7. the ««a> 
of Pixels approaches 18.9 mUlion. Accordingly, for pixel swi«=hmg ra«s of 
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25 5 0 10 0Nffl2.U«-oulappro«nB«= readout ttaes are 7.5 seconds. 3.8 seconds 
a„d'l .9'seco«is. respectively. ,f only half of the tiles ate selected for .eadout. the 
readout time is halved for the some clock rate. Inferably, the pixel switching rate 
should be 2.5 MHZ or higher. More preferably, the pixel switcUng rate should be 
5 5 MHz or higher. Even more preferably, the pixel switching rate should be 10 MHz 
or higher- 

I„ flK preferred embodiment of the invention, U>e analog multiplexed outputs 
ft„„ each module are further multiplexed u. the cassette. In the example 
hnplementadon of Figure 6. the analog outp«s from each of the six modules are fed 
,0 h«o four analog multiplexers on the interim board 309 and the tesulting four 
signals, representing combinations of module output signals, are digitized. The 
digitisation can be effected by feeding the outputs ftom the taterfece board on a 
multichannel ADC m the control electronics of a compu«=r ito, example control 
electronics as in Figure 1). Alternatively, video digitisation can be employed. 
15 Thus, in an embodhnent of the tovenUon the cassette 330 could form the 

imagtog array 15 of a system as shown in Figure 1. 

■nus there has been described imaging apparams comprising a modular 
structure including a firs, support strucmre, a pharality of second support strucmres. 
^ a plurality of imaging devices such that the second support strucwres are 
20 mech^ucauy mountol on U« first suppon strucmre and a plurality of the imagmg 
devices is mounted on each second support stracnire.' 

The unaging device can comprise one or more detecting Uyers sensitive to 
radiation and one or more readout tayers, the detecting layer(s) and ti>e readout 
,ay.r(s) being jomed toged«=r with an hnage detecting plane or planes of the detector 
25 layer(s) substantially parallel to die readout layer(s). 

AlUiough exemplary embodhnents of the invention have been described, .t wrU 
be apprecUted dat the invention in no. Umited thereto, and U«t many modifications, 
substimtions a»i additions to ti» embodiments described could be envisaged wtthm 

the scope of the invention. 
30 Accordingly, although an embodiment of the present invention has been 

described based on the imaging device technology described in the Applicant's earlier 
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based on ottier teclnoiogiK. „^ =„, ,i™ie unitary substrate. 

devices wid.ta»g«d««ai™'^'^'°*'™°^ 

r ails, .he or .nodul^. .s aescriW as ..v^g a suppon » 

.H ,„J^aPCB»w,dch««in»i^ -device tiies^^fUrdKrci^^uco^^^^ 

aevi«di..andfurtherci^i.nr..tcsepara.c»pp«^.^ Tn-Cunid-i 

bysuit,b,en«c.^»^e.ectHc,.oonn^«s»K»^ 

electriMl i««en«»»««ion of the ladder modules ««l fte casseoe 



my St**"* manner. j „™iv»i of individual etemems 

^™ T^r^cationrf theinve«ion. Also, altitough pardcular 

^gu,«ions »e sbo»n. tl«se may *e 8 ^ 

providing »«log «^ board or ,!« modules to 

» - -j:l:"^::^.especave.y. Ai«., 

p^idedisitiz-o^pn^^™^^ 

.iU. suit^le mtcgrauon ofj^- ^ 

and modules may be replaced fcy «*« ™" ^ <aSICs)) Indeed, 

c^ts (e.g. AppUcaaon Speci«c ^^^^'^ ^ 

performed thereby were incorporated in large scaie 



on the modules. 
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CLAIMS 



1 Apparatus for imaging radiation, said apparatus comprising: 

a plurality of tUes. each tile comprising an imaging device having an array of 

radiation detector cells; ' ^ 

a number of modules, each module supporting a plurality of said tUes; and 
a module support strucmre. said support strucmre supporting said module(s). 

2. Apparanis according to Claim 1, wherein a said tile is removably mountable 
to a said module. 

^» • 1 riaim 1 wherein a said module is 

3. Apparatus according to Clami 1 or Clami i, wncrcm 

removably mountable to said support structoie. 

A r.n to anv nrecedine Claim, wherein a said unaging device 

4. Apparatus accordmg to any preceamg v^ioiu*, 

has a two-dimensional array of radiation detector cells. 

5. Apparatus according to any preceding Claim, wherein a said module supports 
a two-dimensional array of tiles. 

6 Apparatus according to any preceding Claim, wherein each said module 
comprises a board comprising, on a first surface thereof, an array of tile mountmg 
locations, each mounting location comprising an arrangement of mounting location 
contacts for contacting corresponding tUe contacts on a said ule. 

J- ♦« onv nrecedine Claim, wherein said board is a 
7. Apparatos accordmg to any preceamg 

multilayer printed circuit board. 

8 Apparams accordmg to Claim 6 or Claim 7, wherein said board is elo,.gaK 
and comprises wo or more rows of mounting locations for supponing two or more 
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rows of tiles. 



, App.ra«s«corii»g»a^o«cfCUims6«.S,wherei.saidboardhas.on 
said fiia surf«». . cin:»i. region no. populaKd wtth said ales. 
' ,0 Appa,a«saeco«.ing»C..in.9.w.««ins«dboard.adjace«o„«^U«reof. 
^. on said fin. surface, a circuU region ». pop«U»d w«h said ales. 

, rioiTT, Q or Claim 10. wherein said circuit region 
n. Apparatus accordmg to Clann 9 or Claim ' ^^^^^ 
,0 comprises control circuitry for controlling access to and output of signals 

imaging devices. 

. ri^imil further comprising circuitry on a surface of 
12. Apparatos accordmg to Clami 1 1 . turmer cui p 

said board, opposite to said first surface. 

m Claim 11 or Claim 12, wherein conductive tracks 
13 Apparams according to C-iaun ii 

connect said mounting location contacts to said circuitry. 

1, Apparams according to Claim 13. Wherein said Circuitry and s^co^^^^^ 

,0 LLJarrangedelectronicanytogrouptilesintof^^ 

said tiles of a said first Cluster being read out in a serial manner. 

to riaim 14 Wherein said first electronic clusters are 

15. Apparatus accordmg ^ ^^^^^J^^ ^ ^ electronic cluster 

electronically grouped in second electromc clusters, a ^ 
electron cany g pe ^^^^^^ ^ ^ 

25 comprising one or more iffsi eicuuu 

. ri,im 15 configured to read out plural said second 
16. Apparams accordu^ to Claim 15. comiguica 

clusters read out in parallel. 

««im« to Claim 15 or Claim 16. comprising electronic switch 
Li;r:::S:^-d.^clas.ersa«...^.o,asaid«eo. 
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cluster. 



J r\^im 17 wherein said switches are mounted on a 

18. Apparatus accordmg to Claim i/, wnerem »ai« 

surface of said board opposite to said first surface. 

_j- »^ r-ioSn, 17 nr Claim 18. wherein said switches are 

19. Apparatus accordmg to Claim 17 or t^iami io, 

arranged to provide selective deactivation of said first clusters. 

20. Apparatus according to any preceding Claim, wherein a said imaging device 
tile comprises: 

a said imaging device and a mount, an image detecting plane of said miagmg 
device being tilted with respea to a mounting surface of said mount, said mountmg 
surface comprising tile electrical contacts intercom«ctable with conespondmg 
mounting location contacts at a tile mounting location on said module. 

21. Apparams according to Claim 20. wherein said modules are tilted at least 
partiaUy to compensate for tilting of said image detector planes. 

22 Apparams according to Claim 20 or Claim 21. wherein said imaging device 
comprises one or more detecting layers sensitive to radiation and one or more readout 
layers, said detecting layer(s) and said readout layer(s) being joined together with an 
i„.age detecting plane or planes of said detector layer(s) substantially parallel to said 
readout layer(s). 

23 Apparams according to Claim 22. wherein said detecting layer extends beyond 
said readout layer on at least two edges, a further edge providing wire comiections 
between said readout layer and said mount. 

24 Apparams according to any one of Claims 20 to 23, comprising a wedge 
between said imaging device and said mount to maintain an angle between said image 
detecting plane of said imaging device and said mounting surface of said mount. 



26 



25 Appara^s according ,o an, p«cedmg Oata. wh«ei» module 3« 
l,,„l«idsuppo«s™c«^suppo„sao„e.io>e.io„a.a„a,ofsa«.nK^»^^ 

aligned next to each other. 

«iin<, to aaim 25 wherein said imaging devices of adjacent 
5 26. Apparatus according to uaim ^3, wu 

modules are in mechanical contact with each other. 

♦ r-ioj^^s wherein each said module comprise a planar 
AooaratusaccordmgtoClami25,wneremc*i'" 

27. Appa«ui*« e direction and m an 

to the plane of said board. 

A- t« ,nv nreceding Claim, further comprising an interface 

28. Apparamsaccordmgtoanyprecedmg ^^^^^ 

board comprising interface circuitry, said modules bemg electn 
15 interface board. 

coo^riscs ci^ui^y to muldpl^ing fto» respecUvc modules. 

^ 30. Appan«..ccon««*«.a.^P— C^'-""^'"^-'™^'^'^^ 

LJL^' - images casa«« » an ««™u p,oc«so.. 

« 32 Appara»sacco.ding»CUi»30orCUin.31.v,bo«ins.idcass««con.p^ 
a bousing, said suppon sm.au. ^ii* 

33 Appara«.acco«.ingcoaain,30oraain.31.v^i"saidcasse»oomprises 
a housing, said support sm,c«« contained wi*in said housing. 

30 riaims 30 - 33. wherein said cassette 

34. Apparatos accordmg to any one of Clarnis 30 
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comprises housing having an X-ray tiansmissive surface. 

35 An imaging sys«m comprising appanms ««oniing to any p«ceding Claim 
and control electronics and/or «. image processor for processing signals output fiom 

said cassette. 

36 A module for use in apparatus according to any one of Claims 1 to 34. for 
„.ounting an array of tUes, each tUe comprising an imaging device having an array 
of radiationdetector ceUs and having a plurality of tUe contacts on a mounting surface 
thereof, wherein said module comprises: 

a board having, on a first surface thereof, an array of tile mounting locations, 
each mounting location comprising an arrangement of mounting location contacts for 
contacting corresponding tUe contacts on a tile and means permitting removable 
mounting of said tUe at said tile mounting location; 

circuitry for controlling access to and output of signals from respecuve tiles 
when mounted at said tile mounting locations; and 

electrical comiections from said mountmg location contacts to said circuitry; 



and 



means for mounting said module on a support struoure for a pteality of such 

modules. 

S7 A module according to Claim 36. wherein said board is a multilayer printed 
circuit hoard, conductive tracks connecting said mounting location contacts to sard 

circuitry. 

38 A module according to Claim 36 or Claim 37, wherein said board, adjacent 
on. end thereof, has, on said first surface, a circuit region comprising said circmtry 
for controlling access to and output of signals from r^pective tiles when mounted on 
said board. 

39. A module according to any one of Claims 36 to 39. comprising circuitry on 
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a surface of said board opposite u, said H« ^aoe. 

riaims 36 to 39, wherein said circuitry 
40. A module according to any one of Claims 36 

comprises an analog to digital converter stage, 

• « orrav for imaging radiation comprising: 
counting a plurality of m« on an m>.g»« •* 

supporting a plurality of said tiles. 

«. Min^in«n.odu.s„.».antiaU,as.«re....orcd..™^ 
the accompanying drawings. 

43. AnUna.inscass«..».stan.iaU,3s.«re^fored.scri..wid.ref^ 
the accompanying drawings. 

44. ,.nasinga^n.subs.an.i.Uyash=rcinb.foredcscribcd.ithrefer.nc. 
accompanying drawings. 
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